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Introduction gy

Motivation

— Improve electronic instruments for spectroscopy.

— Develop and utilize the fastest transistors (Heterojunction Bipolar
Transistors) for advancing heterodyne receivers.

Device Development

— Microfabrication of HBTs

— T-emitter metal structure

Results

— DC and RF HBT characteristics

— Matched HBT amplifier characteristics

Summary
Acknowledgments
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Fmax versus Critical Lithographic Dimension
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Receiver Schematic
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« Epitaxial Structure - InP/InGaAs/InP Double HBT (DHBT)
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. Triple Mesa DHBT Microfabrication
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« T-Shaped Emitter Metal = T-Emitter | Standard Emitter  Fha4),/\\
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« DC Current — Voltage Characteristics Wy
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« The figures of merit of high speed transistors are the
current gain cutoff frequency (F;) and maximum
frequency of oscillation (F,._,)-

1

Ft = 2.7[.7 Tec = Te + Tb + Tbc + Tc
eC

T IS the total emitter to collector delay time of the HBT.

Metal

Emitter """ Contacts
Base \| /
= 5 T 142 W i \
t Collecto in’\/\/— l
Fo S T
o H_J S'E.Rb‘ccb /—Ir Subcollector \T

Base-Collector Capacitance Base Resistance

R, is the effective HBT base resistance,

C., Is the base to collector capacitance.
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+ RF Vector Network Analyzer Measurements of Amplifierg
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+ We are motivated to improve electronic components for
advancing heterodyne receiver technology for future

astrophysics, planetary and Earth science spectroscopy
missions.

« We have demonstrated,

— T-shaped emitter metal DHBTs with the goal of improving yield and
performance.

— Third generation emitter mesa HBTs with Ft = 251 GHz, Fmax = 288
GHz (Second generation had Ft = 142 GHz, Fmax = 160 GHz. First
generation had Ft = 126 GHz and Fmax = 120 GHz).

— DHBT tuned amplifier with 3.9dB gain at 82.5GHz.

+ Performance of the HBTs will improve with the minimization
of parasitics (base contact and series resistances, reduction
of the base metal width) and scaling of epitaxial layers.
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